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betes mellitus who has a history of many bacterial infec-
tions. The exposure of a chronic plantar ulcer to sand at a

bathhouse infested with non-O V cholerae is the proba-
ble mechanism of entry that led to necrotizing fasciitis
and septic shock. The history of pain out of proportion to
physical findings suggested a deeper infection of the fas-
cia that spread rapidly and resulted in septic shock. The
inability to control necrotizing fasciitis despite surgical
intervention often leads to amputation of extremities or

death with involvement of abdominal or chest wall fascia.
An aggressive medical-surgical team approach is neces-

sary for the survival of the patient.
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Hyperammonemia
With Severe Methanol
Intoxication
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METHANOL POISONING leads to a well-described syn-
drome of metabolic acidosis with elevated anion gap and
osmolar gap, vision impairment often leading to blind-
ness, and in severe cases, progressive central nervous

system dysfunction, renal and hepatic failure, and
death.",2 The neurologic damage brought about by
methanol poisoning, particularly that of the vision sys-
tem, has been ascribed to the effects of formic acid, the
principal toxic metabolite of methanol. Hyperammone-
mia, to our knowledge, has not been reported as a pre-

senting feature of methanol toxicity. We report a case of
severe methanol poisoning associated with hyperam-
monemia in the presence of near-normal liver function
test results.

Report of a Case
The patient, a previously healthy 16-year-old boy,

presented to the emergency department with symptoms
of impaired vision and stupor. Two nights before admis-
sion, according to his family, the patient had been
out drinking with friends. Subsequent investigation
revealed that he had ingested methanol intended for use

as a cleaning solvent but unaccountably stored in a
vodka bottle. On the day before admission, the patient
felt ill and vomited several times, but ascribed his symp-
toms to a hangover. On the day of admission, he was too
ill to attend school and continued to have nausea and
vomiting. While watching television that evening, he
complained that he "couldn't see" and became progres-
sively somnolent. On arrival at the emergency depart-
ment, he was able to stand with assistance, but within
moments of arrival became obtunded and had an appar-
ent seizure. An endotracheal tube was inserted and sup-
portive care begun.

The patient's initial vital signs included a blood pres-
sure of 169/125 mm of mercury and a heart rate of 100
beats per minute. Arterial blood gas measurements with
the patient receiving bag ventilation with 100% oxygen
revealed a pH of 6.84, a PCO2 of 19 mm of mercury, a Po2
of 456 mm of mercury, and a calculated base excess of
-31.3 mEq per liter. Diazepam and phenytoin were

given to prevent further seizures. Administering
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ABBREVIATIONS USED IN TEXT
ALT = alanine aminotransferase
AST = aspartate aminotransferase
LDH = lactate dehydrogenase

intravenous naloxone hydrochloride and a solution of
50% dextrose in water produced no improvement in his
mental state. The combination of severe metabolic aci-
dosis, disturbed vision, and coma strongly suggested a

diagnosis of methanol toxicity, and empiric therapy,
including fluid resuscitation, ethanol infusion, and sodi-
um bicarbonate infusion, was instituted. Pending the
results of toxicology screens, the patient also received
intravenous ceftriaxone sodium and acyclovir. Serum
and urine toxicology screens were negative for ethanol,
opiates, acetaminophen, salicylates, barbiturates,
cocaine, and benzodiazepines.

The patient's serum methanol concentration on

admission was 35 mmol per liter (113 mg per dl). A
complete blood count was remarkable for a leukocyte
count of 21.4 X 109 per liter (21,390 per mm3), a hemat-
ocrit of 0.58 (58%), and a platelet count of 467 X 109 per
liter (467,000 per mm3). A blood chemistry profile gave

the following values: sodium, 138, potassium, 4.7, and
chloride, 97 mmol per liter; carbon dioxide, 4 mmol per

liter; blood urea nitrogen, 6.8 mmol per liter (19 mg per

dl); creatinine, 141 mmol per liter (1.6 mg per dl); and
glucose, 14.3 mmol per liter (258 mg per dl). A serum

lactate level was 11.2 mmol per liter. Liver function tests
elicited the following values: aspartate aminotransferase
(AST), 18 U per liter; alanine aminotransferase (ALT),
18 U per liter, -y-glutamyl transferase, 11 U per liter; lac-
tate dehydrogenase (LDH), 181 U per liter; and alkaline
phosphatase, 141 U per liter. Serum osmolality was 367
mOsm per kg (normal range, 278 to 305). Urinalysis
revealed a specific gravity reported as "greater than
1.030" but was otherwise normal. A serum ammonia
level, fortuitously measured on admission to rule out
hepatic encephalopathy, was 347 ,umol per liter (normal
range, 7 to 27).

Hemodialysis was instituted on the night of admis-
sion. Despite aggressive supportive and specific therapy,
the patient's hospital course was one of continued dete-
rioration of multiple organ systems. The patient
remained comatose; no further seizures were noted.
Metabolic acidosis persisted despite dialysis and contin-
ued sodium bicarbonate infusion. The serum creatinine
level rose to 230 mmol per liter (2.6 mg per dl) within
24 hours of admission and reached 504 mmol per liter
(5.7 mg per dl) by the fourth hospital day. Profound
hypokalemia developed, with serum potassium values
remaining around 1.5 to 2.5 mmol per liter despite mas-

sive repletion. Coagulopathy developed, with prothrom-
bin times increasing from 16.2 to 20.3 seconds and par-
tial thromboplastin times from 39.9 to 56.1 seconds over

the first 24 hours. Coagulopathy persisted despite
replacement therapy. By the fourth day, the serum AST
level had risen from 18 to 270 U per liter, the ALT level

from 12 to 81 U per liter, and the LDH value from 181
to 1,418 U per liter.

When initially intubated, the patient demonstrated
remarkable hyperventilation, with spontaneous minute
ventilation often exceeding 40 liters per minute; yet,
within six hours complete ventilatory support was nec-
essary. Hemodynamic instability developed on the night
of admission, with the patient becoming severely
hypotensive (blood pressure, 60/30 mm of mercury)
despite the administration of massive amounts of crys-
talloid and colloid solutions and the infusion of
dopamine. A pulmonary artery catheter was placed, and
the pulmonary capillary wedge pressure was maintained
in the range of 10 to 16 mm of mercury. An echocardio-
gram revealed a small pericardial effusion and normal
ventricular function. Additional infusions of phenyl-
ephrine hydrochloride, epinephrine, and norepinephrine
bitartrate were required to maintain a systolic blood
pressure of 80 to 90 mm of mercury. Serum ammonia
levels were 55 and 63 mmol per liter on the second and
third hospital days, respectively. By the fourth hospital
day, the patient's condition had deteriorated to the point
where meaningful recovery was deemed impossible.
With the family's consent, life support was withdrawn,
and the patient died.

Discussion
This unfortunate patient had a clinical course charac-

teristic of severe methanol poisoning. An unusual fea-
ture of this case was a greatly elevated serum ammonia
level on admission. Hyperammonemia persisted for at
least two days despite hemodialysis, indicating an ongo-
ing impairment of ammonia clearance. It is particularly
interesting that the high initial ammonia level was found
well before the development of catastrophic hepatic and
renal failure.

Ammonia is a highly toxic by-product of amino acid
catabolism and is normally cleared rapidly by its incor-
poration into urea.3 Hyperammonemia results from
either increased protein breakdown or impaired urea-
genesis. In clinical practice, it is seen most often in
patients with cirrhosis, especially in those with gastroin-
testinal bleeding. It is also a feature of Reye's syndrome.
The diagnosis of Reye's syndrome was considered in
this case, but was rejected on several grounds: there was
no history of an antecedent viral illness; toxicology
screens were negative for salicylates; there was no
increase in serum aminotransferase levels until the
third hospital day, as opposed to the early massive
increase seen in Reye's syndrome; and the patient was
hyperglycemic on admission, whereas normoglycemia
or hypoglycemia is typical of Reye's syndrome.4
Rhabdomyolysis, which has been reported as a compli-
cation of methanol poisoning (albeit without mention of
hyperammonemia),5 is a possible source of excess
ammonia through the breakdown of muscle protein.
Although specific evidence for rhabdomyolysis, such as
serum creatine kinase measurement, was not sought, the
absence of a positive hemoglobin test on the initial uri-
nalysis makes substantial myoglobinuria unlikely.
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Genetic defects involving enzymes of the urea cycle,
such as ornithine transcarbamoylase or carbamoylphos-
phate synthetase, are possible causes of hyperammone-
mia.3 These defects, however, present distinctive clinical
syndromes in the neonatal period and are unlikely diag-
noses in an otherwise healthy 16-year-old.

Interestingly, hyperammonemia with normal liver
function is a frequent feature of several genetic syn-
dromes involving errors of amino acid metabolism,
grouped under the heading of "organic acidemias."3'7
Examples include propionic, isovaleric, and methyl-
malonic acidemias. Hyperammonemia develops in these
patients with organic acidemias even though all the
enzymes of the urea cycle are present in normal amounts
and function normally in vitro. There is experimental
evidence that high levels of these organic acids,8' or their
coenzyme A esters,'0 can severely inhibit the conversion
of ammonia into urea. Specifically, there is a decrease
in the production of N-acetylglutamate, an allosteric
activator of carbamoylphosphate synthetase. Carba-
moylphosphate synthetase catalyzes the crucial reaction
by which ammonia enters the urea cycle; a decrease in
the amount of its activator (N-acetylglutamate) leads to
a buildup of ammonia.

Because methanol toxicity can be regarded as an

acquired organic acidemia (that is, formic acidemia), we
speculate that formic acid may exert an indirect effect on
ammonia clearance similar to that of the organic acids
mentioned earlier. We further suggest that hyperam-
monemia may be an important and hitherto unappreciat-
ed contributor to the profound impairment of the central
nervous system seen in patients with methanol poison-
ing. We encourage the early measurement of serum

ammonia levels in suspected or confirmed cases of
methanol toxicity, to help determine if this represents an

isolated incident or a consistent feature of this disorder.
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MELAS IS THE SYNDROME OF mitochondrial encephalop-
athy, lactic acidosis, and strokelike episodes.' It is one of
a number of mitochondrial syndromes that share the com-
mon characteristics of encephalopathy and myopathy.
Other mitochondrial diseases include myoclonus and
epilepsy with ragged redfibers (MERRF),2 Kearns-Sayre
syndrome,34 and progressive external ophthalmoplegia.5
In recent years these syndromes have been shown to be
associated with specific mutations of mitochondrial DNA
(mtDNA).'-" At the same time, more common conditions
such as cardiomyopathy, aminoglycoside-induced ototox-
icity, and some forms of diabetes mellitus also have been
shown to be associated with mitochondrial DNA muta-
tions."-" These associations, and the recognition of
"incomplete" forms of the above encephalopathic and
myopathic syndromes, indicate that mitochondrial dys-
function may be underrecognized in the pathogenesis of
a number of diseases.

We report the case of a patient with the MELAS syn-
drome. We use the case as a basis for discussing the
current clinical and molecular understanding of the syn-
drome and to explore the probable role of mitochondrial
mutations in other diseases.

Report of a Case

A 43-year-old woman presented to the emergency de-
partment in respiratory arrest after five tonic-clonic
seizures. She had had lethargy with nausea, vomiting, and
diarrhea for a week and slurred speech for two days be-
fore admission. The patient's husband reported that she
had been healthy with the exception of exercise intoler-
ance and hearing loss since childhood. Her family history
was relevant for at least ten maternally related family
members with some combination of hearing loss, small
stature, and adult-onset diabetes mellitus. On physical ex-

amination she appeared ill, was of slight build, and was

being sustained by mechanical ventilation. Her blood
pressure was 80/50 mm of mercury, her heart rate 100
beats per minute, respiratory rate 24 breaths per minute,
and temperature 38.1°C (100.6°F). She was unresponsive
even to deep pain, and her lungs had bibasilar crackles.

Laboratory evaluation showed an arterial pH of 7.20;

(Koga SJ, Hodges M, Markin C, Gorman P: MELAS syndrome. West J
Med 1995; 163:379-381)
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